Associations between time spent traveling in motor vehicles and physical activity in Colombian adults from urban areas Asociaciones entre el tiempo de viaje en vehículos motorizados y la actividad física en adultos colombianos de zonas urbanas 
Background
Recent estimates have found that the failure to meet the minimum recommended amount of physical activity for health (i.e., 150 minutes of moderate or 75 minutes of vigorous physical activity a week) contributes to between 6% to 10% of four major non-communicable diseases worldwide (coronary heart disease, type 2 diabetes, and breast and colon cancer) 1 . In addition, physical inactivity was responsible for 5.3 million of the 57 million deaths due to chronic disease globally in 2008 1 . The most recent National Nutrition Survey of Colombia showed that 53.5% of adults aged 18 to 64 years meet physical activity recommendations between the combined domains of leisure and transportation time 2 . These physical activity levels were mainly related to walking for transportation (33. 8% engaged in at least 150 minutes during the last seven days). Conversely, leisure time physical activity and biking as a means of transportation had lower prevalence. Only 19.9% and 5.6% of participants had engaged in at least 150 minutes of biking or leisure time physical activity respectively during the seven days that preceded the survey 2 .
An emerging body of evidence has shown that sedentary behaviors such as sitting in cars are associated with an increased risk of chronic diseases independent of physical activity levels 3, 4, 5, 6 . Time spent traveling in motor vehicles including not only private cars and motorcycles, but also public transportation, may be of relevance to public health due to the influence of urban environmental attributes on behavior 7 . This may be especially relevant in Colombia since approximately 30% of its population spends 150 minutes or more per week traveling in motor vehicles 8 . Despite the fact that rates of private motor vehicle ownership are lower in Latin America compared to high-income countries 9 , the percentage of car sales in Colombia has increased considerably since 2009 10 . During the first trimester of 2011 an increase of 54.4% in car sales was reported compared to the same period in 2010 10 . Moreover, the average duration of trips in motor vehicles (including public transportation) has increased in certain Colombian cities including Bogota, where average travel time increased from 50 minutes in 2002 to 64 minutes in 2011 11 , particularly affecting the underserved population that lives in urban peripheries 9 .
Evidence from the International Physical Activity Study showed that people who reported low levels of physical activity were three times more likely to be in the highest sitting quintile compared to those reporting high levels of physical activity 12 . A recent study conducted in the Unites States showed that commuting distance was negatively associated with physical activity and cardiorespiratory fitness 13 . Most of the evidence related to the association between time spent traveling in motor vehicles and physical activity has focused on active transportation and car use in high-income countries 14, 15, 16, 17 . These studies concluded that the travel patterns of those who do not commute by car and use public transportation demonstrate a higher level of physical activity during transportation 18 . Moreover, car ownership and use are consistently correlated with lower levels of physical activity, mainly walking and cycling 19 . Nevertheless, to date, evidence of the associations between time spent traveling in motor vehicles and physical activity still remains limited, particularly in Latin American urban contexts, which have been characterized by a rapid and informal urban growth, a lack of integrated public transport systems, and social and economic disparities 20 . This is illustrated by the fact that walking or bicycling for transportation usually occurs out of necessity, rather than choice 21, 22 . Therefore, the aim of this study is to assess the associations between time spent traveling in motor vehicles and physical activity in the domains of transportation (walking and bicycling) and leisure time physical activity among Colombian adults living in urban areas.
Methods

Study design and data source
A secondary data analysis of the 2010 National Nutrition Survey of Colombia (ENSIN) was conducted 2 . The main objective of the ENSIN was to establish the prevalence of nutritional indicators and some health conditions in the Colombian population. This survey had a multistage, probabilistic and stratified sampling design that included national and sub-regional representation with an oversampling of rural areas. Logistical and technical details of the ENSIN can be found elsewhere 2 . For the present study, data was used from 7,313 adults between the ages of 18 and 64 who lived in urban locations with more than 82,000 inhabitants and had complete information about time spent traveling in motor vehicles, physical activity and covariates. The first criterion was established given the particular urban dynamics found in Colombia 10 . In addition, participants with disabilities were not included, since they have different mobility patterns that do not fall under the scope of this study.
General measurement procedures
The ENSIN used a face-to-face questionnaire methodology in order to inquire about several topics, including those variables described in this study. Both outcome and exposure variables were measured by trained personnel using a Spanish version of the International Physical Activity Questionnaire (IPAQ) long form survey. The questions regarding physical activity levels were culturally validated and only included the leisure time physical activity and the transportation domains, as was recommended for Latin America by several researchers 23 . Special emphasis was made in training and procedure handbooks to avoid an overlap of information in the physical activity domains. For example, the ENSIN participants were instructed not to report activities already reported under a different domain 2 . All participants were asked to provide oral informed consent.
Outcome variables
For this study we only included the leisure time and transportation (walking and bicycling) domains of the IPAQ. For these domains only spells of at least 10 minutes were included in the analyses.
The domain "leisure time physical activity" was classified in two categories based on the global recommendation of physical activity for health 25 : participation in at least 150 minutes of physical activity of moderate intensity or 75 minutes of vigorous physical activity in the last seven days during leisure time (yes or no).
For the purposes of analysis, two types of activities were derived from the transportation domain: walking for transportation, and bicycling for transportation. Walking as a means of transportation was classified into two categories, depending on whether participants reported having walked at least 150 minutes in the last seven days (yes or no). The same criterion was used for bicycling as a means of transportation.
Exposure variable
The weekly frequency of time spent traveling in motor vehicles, namely buses, cars, or motorcycles, was measured. In the absence of previous evidence on this subject, we categorized this variable in the following ranges: (a) 0 minutes, (b) 1 to 59 minutes, (c) 60 to 119 minutes, and (d) 120 minutes or more. These categories were created in order to obtain an even distribution of the sample.
Covariates
Gender, age, level of education, socioeconomic position, occupation and urbanization level were included as covariates in the analysis; these were assessed via self-reporting.
Education level was classified into three categories: (1) elementary school or less, (2) incomplete secondary school and (3) secondary school or more. Age was categorized into the following groups: 18 to 29 years, 30 to 49 years and 50 to 64 years.
Socioeconomic position was determined by the ENSIN using an adapted score of the SIS-BEN (Identification System of Potential Beneficiaries of Social Programs) index, which is based on health conditions, family education profile, household conditions and social vulnerability 26 . The following four categories were established based on previous studies: (1) low, (2) low-middle, (3) middle and (4) upper-middle 24 .
The occupation covariate was classified into five categories: (1) working, (2) searching for a job, (3) studying, (4) homemaker and (5) retired.
Four categories were developed to classify urbanization levels, taking into consideration the number of inhabitants of each urban area included in the survey: (1) 82,000 to 288,000 inhabitants, (2) 388,000 to 1,027,000 inhabitants, (3) 1,190,000 to 3,432,000 inhabitants, and (4) the metropolitan area of Bogota, with 7,674,366 inhabitants 27 . These population size intervals are not continuous due to the gaps in the population distribution among the different urban settings.
Statistical analysis
Bivariate analyses were conducted to find associations between selected socio-demographic characteristics and the outcome and exposure variables. The associations between time spent traveling in motor vehicles and leisure time physical activity and transportation (walking and bicycling) were assessed using binary logistic regression after adjusting for potential confounders. Separate models were run and stratified by gender, age, urbanization level and occupation and were adjusted by potential confounders. In this case, urbanization level and occupation variables were converted into dichotomous variables. For age, the second and third categories were combined into one. For urbanization level, categories 1 and 2 were coded as the lowest urbanization level and categories 3 and 4 as the highest urbanization level. For occupation, the categories working and studying were combined into one. The categories of searching for a job, homemaker and retired were combined into one category (not working/not studying). Multicollinearity was assessed using a tolerance test and was ruled out. All of the statistical analyses were conducted in 2012 and took into account the complexity of sampling design using Stata 12 (Stata Cop., College Station, USA).
Results
Study population
Of the 7,313 participants included in this study, the majority were female and aged between 30 and 49. Around 35% of participants lived in urban areas with populations of between 82,000 and 288,000 and 47.5% had incomplete secondary education. The upper middle socioeconomic position constituted 45.7% of the population, followed by the low socioeconomic position with 29.8%. Most of the participants had worked or studied in the last seven days ( Table 1) .
Prevalence of time spent traveling in motor vehicles by selected characteristics
The prevalence of time spent traveling in motor vehicles was the following: 17.7% spent 0 minutes, 29.7% spent 1 to 59 minutes, 25% spent 60 to 119 minutes and 27.6% spent 120 minutes or more per day on transportation in motorized vehicles (Table 1) .
For the highest category of time spent traveling in motor vehicles (120 minutes or more), the prevalence was significantly higher in the following groups: males (34%), ages 30 to 49 (30.1%), highest levels of urbanization (43.2%), secondary education or more (34%), upper-middle socioeconomic position (31.1%), and those working (31.4%). Table 2 shows that the prevalence of walking as a means of transportation for at least 150 minutes per week was 34%. It was significantly higher among males (38%), those in the 50 to 64 age group (35.7%), those living in the least urbanized areas (41.2%), those searching for a job (40.1%) and among those who reported 0 minutes as the time they spent traveling in motor vehicles (42.1%).
Prevalence of physical activity by selected characteristics
The prevalence of cycling as a means of transportation for at least 150 minutes per week was 4.4%, and was significantly higher in males (9.1%), those with incomplete secondary schooling (5.4%), those living in the least urbanized areas (4.5%), those in low socioeconomic positions (5.7%), among those working or studying (5.6%), and those who reported 0 minutes as the time they spent traveling in motor vehicles (12.3%).
The prevalence of achieving at least 150 minutes of leisure time physical activity per week was 18.4%, and was highest among males (26.4%), those in the 18 to 29 age group (23.2%), those with secondary schooling or more (21.8%), those living in urban areas with populations of between 388,000 and 1,027,000 (21%), those considered to be in the upper middle socioeconomic strata (20%) and those studying (31.9%). There were no significant differences between the categories for time spent traveling in motor vehicles.
Associations between time spent traveling in motor vehicles and physical activity Binary logistic regression analyses of the association between time spent traveling in motor vehicles and physical activity domains are shown in Table 3 . In the adjusted model for all participants, those with time spent traveling in motor vehicles of more than 0 minutes were significantly less likely to walk as a means of transportation for at least 150 minutes a week; however, the p-trend was not statistically significant at the alpha error of 0.05 (p-trend = 0.090). This pattern was similar in the stratified analysis, except in the models for gender (for males) and urbanization levels (for 82,000 to 1,027,000 inhabitants), with a significant p-trend (p-trends 0.001 and 0.003, respectively).
Those in the category 'time spent traveling in motor vehicles of more than 0 minutes' were significantly less likely to cycle as a means of transportation at least 150 minutes per week with a p-trend of 0.001. This pattern was consistent in the stratified models, except for gender (females) (p-trend = 0.468).
No significant associations were found between time spent traveling in motor vehicles and leisure time physical activity in the general and stratified models.
Discussion
This study indicates that once adjusted for potential confounders, time spent traveling in motor vehicles is inversely associated with active transportation (i.e. walking and cycling) in Colombian adults residing in urban areas. No significant associations were detected with leisure time physical activity. These results are to some extent similar to those reported in other studies mainly those in high income countries, which place a particular 11 . The severity of this problem is exemplified in the fact that the mean time that participants in this study from Bogota spent travelling in motor vehicles per day was 104.7 minutes; 78% and 50%, higher than in the mid urbanization and lowest urbanization levels, respectively. If this trend is not reversed, the significant negative impact that time spent traveling in motor vehicles has on physical activity levels and other health outcomes will likely continue to escalate 13 . In this sense, providing a greater modal of integration between active means of transportation and public transport could be a viable solution. In addition, improving infrastructure conditions as well as traffic and personal safety would be key elements in increasing the promotion and uptake of active transportation. The lack of an association between time spent traveling in motor vehicles and leisure time physical activity could potentially be explained by the fact that this type of physical activity is mainly performed on Sundays and holidays in Colombia, when there is less demand for motor vehicle use compared to weekdays. A study supporting * Walking and bicycling as a means of transport were classified into two categories: reporting at least 150 minutes of active transportation (walking and bicycling) in the last seven days, categorized as yes or no. Only periods of at least 10 minutes were included in the analyses; ** The domain 'leisure time physical activity' was classified into two categories: engaging in at least 150 minutes of physical activity of moderate intensity or 75 minutes of vigorous physical activity in the last seven days, categorized as yes or no. Only sessions of at least 10 minutes were included in the analyses; *** p-values statistically significant at the alpha level of 0.05. Table 3 Binary logistic regression analysis between time spent traveling in motor vehicles and physical activity domains of leisure time and transportation. ## Models adjusted by age in years, socioeconomic status, educational levels, urbanization levels, occupation and time spent traveling in motor vehicles;
### Models adjusted by gender, socioeconomic status, educational levels, urbanization levels, occupation and time spent traveling in motor vehicles; § Models adjusted by gender, age in years, socioeconomic status, educational levels, occupation and time spent traveling in motor vehicles; § § Models adjusted by gender, age in years, socioeconomic status, educational levels, urbanization levels and time spent traveling in motor vehicles.
this reasoning was conducted in Cali (Colombia), and found that 55% of total leisure time physical activity was carried out on Sundays whereas 77% of the time spent traveling in motor vehicles took place during weekdays 29 . However, it is important to clarify that the information used in this paper did not allow for a distinction between activities performed on weekends and those carried out on weekdays. It is also important to consider that there are social and economic factors that underlie the means of transportation chosen; time spent traveling in motor vehicles represents a need for mobility that is linked to walking and bicycling, while leisure time physical activity is mainly a recreational choice. On the other hand, because of the voluntary and recreational nature of leisure time physical activity, such activities are usually carried out in places such as gyms and parks that are often located near to people's homes or workplaces 30 . This could result in proportionally less time spent in motor vehicles with respect to the duration of physical activity. Moreover, one would not expect leisure time physical activity to be replaced by time spent traveling in motor vehicles because people would still engage in these activities independent of the means of transportation used. Even when these dynamics have been reported in the literature 21, 22 , the hypothesis should be tested in future studies in Latin American contexts.
Significant associations were found in the walking models only when stratified by gender (males) and urbanization level (low urbanization levels). Factors such as personal safety and other social behavior norms can explain gender disparities 31 . A recent study found that Colombian females perceived more barriers to active transportation than did men: they feel more vulnerable to theft, injuries and personal attacks 32 . This reduces the chance of females using active transportation as a mobility choice, leading to greater use of motor vehicles. With regard to urbanization levels, higher diversity and short walking distances to destinations that are characteristic of low urbanized areas and small cities, have been found to be positively associated with active commuting in Latin American countries 33 .
The magnitude of associations is greater in the general 'cycling as a means of transportation' models compared to those found in 'walking as a means of transportation'. In most Colombian cities, bicycle use is restricted by the presence of a uni-modal public transportation system (i.e. public buses and rapid transit buses), whereby such a system is not usually designed to allow for people to travel along with their bicycles. This could explain why time spent traveling in motor vehicles is often associated with active transportation. However, the direction of the association cannot be determined with the study design used here. The stratified bicycle models preserve the direction of associations except for the gender-stratified models (females). This could be explained by the low use of bicycles among Colombian women (only 1% of women reported 150 minutes or more of bicycle use), and it could confirm the gender-related differences in the correlates of physical activity for transportation as previously mentioned in this study and documented in other settings 34 .
To our knowledge, this is the first Latin American study to examine the links between time spent traveling in motor vehicles and two physical activity domains (leisure time physical activity and transport physical activity) using a large nationally representative sample survey.
Some limitations need to be considered to allow for a better interpretation and extrapolation of these results. The observational design of this study does not allow us to draw a causal relationship between time spent traveling in motor vehicles and physical activity. The self-reported measures used to collect the data may lead to errors in judgment or misinterpretation of the questions. For instance, people may recall leisure time physical activity more easily compared to active transportation, which can be underreported due to its potentially habitual nature. The use of IPAQ has been validated for the assessment of physical activity levels, but not for assessing sedentary behaviors, thus time spent traveling in motor vehicles might have been over-or underreported.
Although the relatively large sample size of this study may have increased the possibility of a type I error, the punctual estimations and confidence intervals of the prevalence odds ratio were not relatively close to the null value. Finally, this study cannot rule out residual confusion due to several potential urban environment confounders that were not measured, such as population density and access to destinations.
Conclusions
This study found negative associations between time spent traveling in motor vehicles and walking and bicycling for transportation, particularly related to gender (females) and urbanization levels (the highest level). This highlights the potential relevance of improving urban mobility to promote active means of transportation. We suggest key interventions that could improve this scenario in Colombia including the creation of an integrated and multi-modal public mass transport system, social improvements in recognizing pedestrians and cyclists, and the development of strategies to improve safety conditions (traffic and personal) in order to reduce gender and urban disparities related to active living. All efforts must mobilize different sectors of society and various disciplines to positively influence decision-making as it relates to active transportation. Regarding the well-known negative impact of prolonged sedentary time, further studies are needed to determine the combined effect of high exposure to time spent traveling in motor vehicles and other sedentary behaviors such as occupational sitting time or recreational sedentary time in the Latin American context. Contributors D. C. Paez designed the study, conducted the analysis, and the first version of the manuscript, coordinated all the writing process and approved all versions. L. F. Gomez designed the study, contributed to the first draft and gave valuable input on an updated version of the manuscript. C. Mallarino and C. M. Arango provided feedback on the analysis and valuable input on the discussion and approved all updated versions of the manuscript. A. Flórez contributed to the analysis of results, and provided input on the updated versions of the manuscript. A. Nylander conceived the design of the study, conducted the analysis and contributed to the revision of versions of the manuscript. D. C. Parra provided feedback on the analysis and valuable input on the discussion, contributed to writing the manuscript and approval all versions.
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